A Decision Support System (DSS) for constructability assessment in seismic retrofit of complex buildings by Getuli, Vito et al.

TABLE OF CONTENT
Committees
Message from the Organizers
KEYNOTES
Construction Robotics Enabling Innovative Disruption and Social Supportability
Thomas Bock
The Intelligent Mine: Next Generation Technologies and the Need for Interoperability
Stephen Fraser
Automation for Rapid   Metro Rail Projects
Koshy Varghese
Information Technology (IT) Applications in Construction
A Cloud-based System Framework for Storage and Analysis on Big Data of Massive BIMs
Hung-Ming Chen, Kai-Chuan Chang
A Decision Support System (DSS) for Constructability Assessment in Seismic Retrofit of Complex Buildings
Vito Getuli, Tommaso Giusti, Pietro Capone
An Introduction to South Korea's BIM Knowledge Base Development Project
Kyungha Lee, Young-hyun Park, Ghang Lee, Hwayeon Lee
Augmented Reality- Based On-site Pipe Assembly Process Management Using Smart Glasses
Daeyoon Moon, Soonwook Kwon, Thomas Bock, Hyunglyul Ko
Automated Collection, Identification, Localization, and Analysis of Worker-Related Proximity Hazard Events
in Heavy Construction Equipment Operation
Jochen Teizer, Olga Golovina, Di Wang, Nipesh Pradhananga
Automatic Detailing of Parametric Sketches by Graph Transformation
Simon Vilgertshofer, André Borrmann
Automatic Recognition of Construction Worker Activities Using Dense Trajectories
Jun Yang, Zhongke Shi, Ziyan Wu
Construction Apps: a Critical Review and Analysis
Salman Azhar, Andrew Jackson, Anoop Sattineni
Crowdsourcing Video-based Workface Assessment for Construction Activity Analysis
Kaijian Liu, Mani Golparvar-Fard
Development of a Monitoring System with Adjusted Multiple Images of Construction Site
soungho chae, Ryo Mizutani
Development of O&M Data Management System for Pipeline Project in Permafrost Area
Seo-Kyung Won, Chang-Han Kim, Choong-Hee Han, Junbok Lee
Drivers and Impediments of Building Information Modelling from a Social Network Perspective
Hemanta Doloi, Koshy Varghese, Raphael Benny
Dynamic Equipment Workspace Generation for Improving Earthwork Safety Using Equipment Pose and
State Data
Faridaddin Vahdatikhaki, Amin Hammad
Evalutation of Agent-Based and Discrete Event Simulation for Modeling Construction Earthmoving
Operations
Emile Zankoul, Hiam Khoury, Rita Awwad
Impact of Building Occupancy on Assessing the Effectiveness of Energy Conservation Measures
Nan Li, Zheng Yang, Chao Tang, Nanlin Chen, Burcin Becerik-Gerber
Improving Planning in Congested Sites Using 3d and 4d Modelling: a Case Study of a Pile-Supported
Excavation Project in Chile
Mauricio Toledo, Camila Matabenitez, Miguel Mora
Integrated Framework for Automating the Structural Design Iteration
Purva Mujumdar, J. Uma Maheswari
Integration of Smart Glass Technology for Information Exchange At Construction Sites
Sungwoo Moon, Jongwon Seo
Is BIM Big Enough to Take Advantage of Big Data Analytics?
Fabiano Correa
Low-Cost Virtual Reality Environment for Engineering and Construction
Thomas Hilfert, Markus König
Methods for Simulating Crane-deployment Plans Used in Construction of Nuclear Power Plants
Yohei Sugimoto, Hiroshi Seki, Takahiro Samo, Norihiko Nakamitsu
Optimization of the Quantity Take-off (QTO) Process for Mechanical, Electrical and Plumbing (MEP) Trades
in Tender Estimation Phase of the Construction Projects.
Milad Rajabi, Thomas Bigga, Mathias A.Bartl
Robotized Method for Manufacturing Individual Concrete Elements with Specific Shapes
Tapio Heikkilä, Pentti Vähä, Tuomas Seppälä
State of Research in Automatic As-Built Modelling
Viorica Patraucean, Iro Armeni, Mohammad Nahangi, Jamie Yeung, Ioannis Brilakis, Carl Haas
Testing of a Tracer Gas Based Measurement Procedure to Assess Air Change Rates in Buildings
Mariangela Benedettelli, Berardo Naticchia, Alessandro Carbonari, Michele Pascucci
User-Guided Dimensional Analysis of Indoor Scenes Using Depth Sensors
Yong Xiao, Chen Feng, Yuichi Taguchi, Vineet Kamat
Utilisation of a New Terrestial Scanner for Reconstruction of As-built Models: a Comparative Study
Samad Sepasgozar, Samsung Lim, Sara Shirowzhan, Peter (Y.M.) Kim, Zahra Moussavi Nadoushani
Visibility and Proximity Based Risk Map of Earthwork Site Using Real-time Simulation
Faridaddin Vahdatikhaki, Amin Hammad
Vision-Based Articulated Machine Pose Estimation for Excavation Monitoring and Guidance
Chen Feng, Suyang Dong, Kurt M. Lundeen, Yong Xiao, Vineet R. Kamat
Intergration of Building Information Modeling (BIM) with Construction Automation
A Study on Design of Virtual Desktop Infrastructure (VDI) System Model for Cloud Computing BIM Service
Kyuhyup Lee, Joongwhan Shin, Soonwook Kwon, Gyusung Choi
An Approach to Translate Korea Building Act into Computer-readable Form for Automated Design
Assessment
Hyunsoo Lee, Sangik Lee, SeoKyung Park, Jin-Kook Lee
An Ontology for Process Information Modeling
Seongki Lee, Shabtai Isaac, Thomas Bock
Automated Code Compliance Checking Based on a Visual Language and Building Information Modeling
Cornelius Preidel, André Borrmann
Automated Progress Monitoring Based on Photogrammetric Point Clouds and Precedence Relationship
Graphs
Alexander Braun, Sebastian Tuttas, André Borrmann, Uwe Stilla
Automated Quality Inspection of Precast Concrete Elements with Irregular Shapes Using Terrestrial Laser
Scanner and BIM Technology
Qian Wang, Jack C.P. Cheng, Hoon Sohn
BIM Studio - an Immersive Curricular Tool for Construction Project Management Education
V Paul C Charlesraj, Anil Sawhney, Manav Mahan Singh, Aiswarya Sreekumar
Challenges in Generation of As-is Bridge Information Model: a Case Study
Varun Kasireddy, Burcu Akinci
Computational Support for Tunneling Activities: a Case Study in the Construction of the New Subway System
of Santiago, Chile
Miguel Mora, Mauricio Toledo, Juan Sandoval
Coordination of Cost Estimation for Industrialized Residential Projects Through the Use of BIM
Beda Barkokebas, Samer Bu Hamdan, Mohamed Al-Hussein, Juan D. Manrique
Fabrication of BIM CAVE 2: Challenges in Handling 9 Video Walls
Julian Kang, Jaeheum Yeon
Global Positioning System Data to Model and Visualize Workspace Density in Construction Safety Planning
Sijie Zhang, Nipesh Pradhananga, Jochen Teizer
IFC-CityGML LOD Mapping Automation Based on Multi-Processing
Tae Wook Kang, Chang Hee Hong
Implementation of an Open and Interoperable Process to Optimise Design and Construction Phases of a
Residential Building Project: a Case Study Using BIM in a Public Procurement
Angelo Luigi Camillo Ciribini, Silvia Mastrolembo Ventura, Michela Paneroni
Integration of Building Information Modeling (BIM) and LEED's Location and Transportation Category
Po-Han Chen, Thanh Chuong Nguyen
IT Procedures for Simulation of Historical Building Restoration Site
Carlo Biagini, Pietro Capone, Vincenzo Donato, Nora Facchini
Model Based Quality Assurance Process in a Infra Construction Project - Case Riippa-Eskola RU2 -Double Rail
Project
Mika Jaakkola, Pasi Toppi
Planning for Scanning Using Building Information Models: a Novel Approach with Occlusion Handling
Humayun Biswas, Frederic Bosche, Ming Sun
Relative Information Modelling Based Optimization for Asphalt Pavement Renovation
Rauno Heikkilä, Manu Marttinen
Rule Checking Method-centered Approach to Represent Building Permit Requirements
SeoKyung Park, Sang-Ik Lee, Hyunsoo Lee, Jaeyoung Shin, Jin-Kook Lee
Scan-to-BIM - an Overview of the Current State of the Art and a Look Ahead
Hyojoo Son, Changwan Kim, Yelda Turkan
Towards a New BIM 'Dimension' - Translating BIM Data into Actual Construction Using Robotics
Shrinath Tandur
Remote Sensing and Integrated Smart Systems Technologies
A Field-Oriented Test-Simulation of Embedded Lift Information System for High-Rise Buildings
Soonwook Kwon, Joonghwan Shin, Thomas Bock, Daeyoon Moon
A Study on Generation of 3 D Model and Mesh Image of Excavation Work Using UAV
Donghyun Kim, suwan Jung, Soonwook Kwon, Sooyeal Park, Jaewoo Park, jongwon Seo
A Wireless System for Real-time Environmental and Energy Monitoring of a Metro Station: Lessons Learnt
from a Three-year Research Project
Maddalena Nurchis, Mikko Valta, Massimo Vaccarini, Alessandro Carbonari
Attenuation-based Methodology for Condition Assessment of Concrete Bridge Decks Using GPR
Kien Dinh, Nenad Gucunski, Jinyoung Kim, Trung Duong, Hung La
Automatic 3D Thermal Modeling Using Thermal Data Obtained from Unknown Viewpoints
Sungwook Lee, Hyojoo Son, Changwan Kim
Development of a Server-Independent Algorithm for Safe Evacuation Systems Utilizing Exit Signs
Jehyun Cho, Ghang Lee, Seungjae Lee, Hyunoh Kim
Framework for Evaluating the Thermal Insulation Performance of Existing Residential Buildings Using the
Infrared Thermal Image and Image Processing Method
Taehoon Hong, Kwangbok Jeong, Choongwan Koo
Inspection of Flyover Bridges Using Quadrotor
Alexey Bulgakov, Sergei Emelianov, Thomas Bock, Daher Sayfeddine, Vladimir Erofeev
Machine Guidance Based Site Control Technology (SCT) for Earthwork Equipment Fleet
Jongwon Seo, Hakjune Lee, Leonildo Cassule, Moon Sungwoo
Magnetic Field Proximity Detection and Alert Technology for Safe Heavy Construction Equipment Operation
Jochen Teizer
Mobile Laser Scanning Technology in Road Depression Measurements
Mika Jaakkola, Jussi Leinonen, Heikki Onninen
Modeling Emissions of Construction and Mining Equipment by Tracking Field Operations
Khalegh Barati, Xuesong Shen
Robotic Kinematics Analogy for Realignment of Defective Construction Assemblies
Mohammad Nahangi, Jamie Yeung, Carl Haas, Scott Walbridge, Jeffrey West
Semantic As-built 3D Modeling of Buildings Under Construction from Laser-scan Data Based on Local
Convexity Without an As-planned Model
Hyojoo Son, Jongchul Na, Changwan Kim
Sensor Placement to Monitor Launching Girder Operations in Segmental Construction
Ranjith K. Soman, Benny Raphael, Koshy Varghese
SmartSite: Intelligent and Autonomous Environments, Machinery, and Processes to Realize Smart Road
Construction Projects
Robin Kuenzel, Marcus Mueller, Jochen Teizer, Alexander Blickle
Visualization of the Airborne Dust Concentration on the Building Floor Plans
Sangik Lee, SeoKyung Park, Jaeyoung Shin, Hyunsoo Lee, Jin-Kook Lee, Hyunjung Kim
Robotics and Hardware Automation
A Low-Cost Robotic System for the Efficient Visual Inspection of Tunnels
Simon Stent, Cédric Girerd, Peter Long, Roberto Cipolla
A Stereo Vision-based Support System for Tele-operation of Unmanned Vehicle
Ming-Chang Wen, Cheng-Hsuan Yang, Yie Chen, Er-Xuan Sung, Shih-Chung Kang
A Sway Reduction Controller for Construction Crane
Sheng-Yung Cheng, Tai-Yen Kuo, Ci-Jyun Liang, Shih-Chung Kang
Adaptive Speed and Sensitivity Configuration with Parallel Health Status Validation Via a Gesture-Based
Controller - Robotic Arm Interface
Joerg Guettler, Christos Georgoulas, Thomas Bock
Analytical Tunnel-boring Machine Pose Precision and Sensitivity Evaluation for Underground Tunnelling
Duanshun Li, Sheng Mao, Ming Lu, Xuesong Shen
Augmented Reality-based Tele-robotic System Architecture for On-site Construction
Dhinesh K. Sukumar, Seongki Lee, Christos Georgoulas, Thomas Bock
Automated Measurement and Estimation of Concrete Strength by Mobile Robot with Small-sized
Grinding Drill
Fumihiro Inoue, Satoshi Sato, Shinya Watanabe, Satoshi Yuzawa
Case Studies on Glazing Robot Technology on Construction Sites
Seungyeol Lee, Jeon Il Moon
Comparison of Automated and Robotic Support Bodies for Building Facade Upgrading
Kepa Iturralde, Thomas Linner, Thomas Bock
Design and Implementation of a Novel Cost-effective Fall Detection and Intervention System for
Independent Living Based on Wireless Sensor Network Technologies
Alexander Liu Cheng, Christos Georgoulas, Thomas Bock
Development of a Smart Shoe for Building a Real-Time 3D Map
Luan Nguyen, Hung La
Electromechanical Development of a Low Cost End Effector Pose Estimation System for Articulated
Excavators
Kurt M. Lundeen, Suyang Dong, Nicholas Fredricks, Manu Akula, Vineet R. Kamat
Inspection Robot in Complicated 3D Environments
Tatsuo Arai, Kazuto Kamiyama, Pakpoom Kriengkomol, Yasushi Mae, Masaru Kojima, Mitsuhiro Horade
Intelligent Crane Management Algorithm for Construction Operation
Jacek Olearczyk, Zhen Lei, Brian Ofrim, Sang Hyeok Han, Mohamed Al-Hussein
Optimized Unmanned Aerial System for Bridge Inspection
Cheng-Hsuan Yang, Ming-Chang Wen, Yi-Chu Chen, Shih-Chung Kang
Proposal of Workspace Mapping Method for Conversion-less Unmanned Excavation System to Improve
Operative Performance
Yong-Seok Lee, Seung-Hoon Lee, Myeong-Su Gil, Sang-Ho Kim, Min-Sung Kang, Si-Hwan Moon, Dae-Hie
Hong, Chang-Soo Han
Real-time Building Energy and Comfort Parameter Data Collection Using Mobile Indoor Robots
Bharadwaj Mantha, Chen Feng, Carol Menassa, Vineet Kamat
Smart Quick Coupling System for Safe Equipment Attachment Selection and Operation
Susanne Rinneberg, Jochen Teizer, Stephan Kessler, Willibald A. Günthner
Suitability of a Three-Axis Inclinometer to the Automated Blade Control System of Excavator
Matti Immonen, Tomi Makkonen, Rauno Heikkilä
Robotics and Automation in Mining
Embedding Heuristic Rules in RRT Path Planning of Excavators
Seied Mohammad Langari, Amin Hammad
Maintenance Robotics in TBM Tunnelling
Thomas Camus, Salam Moubarak
Management of a Single-user Multi-robot Teleoperated System for Handling Large Valves in Offshore Plants
Sunghoon Eom, Seungyeol Lee, Daejin Kim, Jeon Il Moon
Multi-Disciplinary
A BIM-Based Simulation Model for Inventory Management in Panelized Construction
Samer Bu Hamdan, Beda Barkokebas, Juan D. Manrique, Mohamed Al-Hussein
A Framework for Robot Assisted Deconstruction: Process, Sub-systems and Modelling
Seongki Lee, Wen Pan, Thomas Linner, Thomas Bock
A Lumped Parameter Model for Dynamic Simulation of Energy Control Policies Applied to Small
Public Buildings
Riccardo Pontoni, Martina Giuliani, Alessandro Carbonari, Massimo Vaccarini
Active Building Structure and Envelope
Wen Pan, Seongki Lee, Thomas Bock
BIM Enabled Optimisation Framework for Environmentally Responsible and Structurally Efficient
Design Systems
Stathis Eleftheriadis, Dejan Mumovic, Paul Greening, Angelos Chronis
Building Process Management in Green Public Procurement
Barbara Orgiano, Emanuela Quaquero, Martina Basciu
Flexible Construction Process Management Using Robust Strategy
Andrzej Karlowski, Jerzy Paslawski
FloodViz: a Visual-Based Decision Support System for Flood Hazard Warning
Er-Xuan Sung, Meng-Han Tsai, Shih-Chung Kang
Improvised Scheduling Framework Integrating WS, MS, & DS for Repetitive Construction Projects
Pawan Pandey, Uma Maheswari
Mathematical Modelling of Phosphorus Accumulation in Photo-Biological Treatment Plants of a Biosphere-
Compatible City
Natalia Buzalo, Pavel Ermachenko, Alexej Bulgakov, Thomas Bock
Microwave-Assisted Removal of Tiles from Concrete Floors and Walls
Ali Akbarnezhad, KCG Ong
Modelling the Construction Technology Implementation Framework: an Empirical Study
Samad Sepasgozar, Steven Davis
Revealing the "Invisible Gorilla" in Construction: Assessing Mental Workload Through Time-frequency
Analysis
Jiayu Chen, Xiaowei Luo, Bin Ren, Xinyi Song
Safety 360: Surround-View Sensing to Comply with Changes to the ISO 5006 Earth-Moving
Machinery - Operator's Field of View - Test Method and Performance Criteria
Jochen Teizer
Statistically Reviewing Construction Accidents Within South Australia During 2002-2013
M. Reza Hosseini, Mojtaba Maghrebi, Raufdeen Rameezdeen, S. Travis Waller
The Applicability of the Rapid Handled Laser Scanner to Underground Tunnels
Tomi Makkonen, Rauno Heikkilä, Annemari Kaaranka, Marika Naatsaari
The Effectiveness of an Intelligent System for Real-time Hygrothermal Management in Low Energy Buildings
Emanuela Quaquero, Carlo Argiolas, Martina Basciu, Barbara Orgiano
Other
A Comparison of Mixed Integer Programming Models for the Construction Site Layout Problem
Ahmed W A Hammad, Ali Akbarnezhad, David Rey
A Vision of the Future Construction Industry of Hong Kong
James Wong, Judy Zhang, Julian Lee
An Approach to the BIM-enabled Assessment of Building Circulation Using Quantitative Data and Its Weight
Jaeyoung Shin, Hyunsoo Lee, Sangik Lee, Seokyung Park, Hyunjung Kim, Jin-Kook Lee
An Observational Study on Productivity of Formwork in Building Construction
Naoto Mine, Soon Han Wai, Ting Chuan Lim
Analysis of Different Views Towards Social Sustainability in Construction
Morvarid Farzanehrafat, Ali Akbarnezhad, Parviz Ghoddousi
Automatic Adjustment of Rod Mill Grinding Based on the Frequency Analysis of Acoustic Emission
Rauno Heikkilä, Pekka Tyni, Marko Paavola, Ilkka Hynynen
Comparative Analysis of Embodied Carbon Associated with Alternative Structural Systems
Zahra Moussavi Nadoushani, Ali Akbarnezhad
How Sounds Influence People's Safety Decision ----Human Interaction with a Virtual Reality Simulator
Xueqing Lu, Steven Davis
Infra BIM Based Real-time Quality Control of Infrastructure Construction Projects
Teemu Kivimäki, Rauno Heikkilä
Integrated Simulation Model for Maintenance and Repair Optimization for Rubble Mound Coastal
Structures Using Markov Chains, Regression and Genetic Algorithms
Ayman El Hakea, Soliman Abu-Samra, Ossama Hosny, Moheb Iskander, Hesham Osman
Laser Scanning and the Continuous Wavelet Transform for Flatness Control
Frédéric Bosché, Baptise Biotteau
Optimal Method of Building Elevator Selection from the Point of Their Energy Consumption Minimizing
Jozef Gasparík, Sylvia Szalayová
Optimal Reduction of Project Risk Severity: a Case Study
Nael Zabel, Maged Georgy, Moheeb Ibrahim
Predicting Carbon Monoxide Emissions with Multivariate Adaptive Regression Splines (MARS) and Artificial
Neural Networks (ANNs)
Seth Daniel Oduro, Santanu Metia, Hiep Duc, Quang P. Ha
Reopening an Abandoned Underground Mine - 3D Digital Mine Inventory Model from Historical Data and
Rapid Laser Scanning
Tomi Makkonen, Rauno Heikkilä, Jouko Jylänki, Stephen Fraser
Valuation of Adaptation Technology to Climate Change Based on Target Classification
Sooji Ha, Hoyoung Jeong, Kinam Kim, Hongjo Kim, Hyoungkwan Kim
Committees 

A Decision Support System (DSS) for constructability assessment in 
seismic retrofit of complex buildings 
V. Getulia, T. Giustia and P. Caponea 
a Università degli Studi di Firenze - DICEA, via di Santa Marta, 3- Firenze  
E-mail: vito.getuli@dicea.unifi.it, tommasog@dicea.unifi.it, pcapone@dicea.unifi.it  
 
 
ABSTRACT 
 
Choosing the optimal strategy for the seismic 
retrofit of an existing building is a difficult problem. 
This difficulty increases in the case of complex 
buildings systems with different strategic 
requirements in terms of organization layout and 
structural features. This paper contributes to solving 
this complexity by combining management and 
technical strategies, especially in situations of 
comparable times and costs. It is demonstrated that 
the best way to obtain final results that are 
consistent with the initial requirements is to 
intervene at the beginning of the design stage. To this 
end the implementation of a Decision Support 
System (DSS) aided by Information Technology (IT) 
is presented for making a constructability 
assessment of the seismic retrofit of complex 
buildings. Different seismic retrofit scenarios 
compete to be the optimal retrofit solution. Several 
evaluation systems are combined with classic 
constructability-based tools to produce an organic 
framework. A rule-based engine that utilizes this 
framework can be implemented on top of user-
friendly software. The DSS intends to control 
building management by prefiguring a real ongoing 
building execution after the early stages of the 
project. This is made possible by using the 
simulation of site safety layout in all compatible 
scenarios. By managing the output data of IT models 
it is possible to assess both management and 
structural strategies. In the end the DSS combines 
them to choose the most favorable overall solution. 
Looking towards future development, it can be seen 
that applications of a BIM Platform integrated with 
the proposed DSS have considerable potential in 
construction management practice.  
Keywords  
Decision Support Systems; Project Information 
Management; Construction Management; 
Constructability. 
 
1 Constructability concept, benefits, and 
implementation 
Constructability has been defined as the optimum 
use of construction knowledge and experience in 
planning, design, procurement, and field operations to 
achieve overall project objectives [1]. This field has 
attracted the attention of many industrial and academic 
organizations in the past three decades [2]. These 
studies show that a lack of integration between 
construction and design has been the root cause of cost 
and quality issues in construction industries [3]. Paulson 
exposed the importance of inserting construction 
knowledge into design. This process was called 
ever since.  
The potential significant benefit associated with a 
high level of constructability has been amply 
demonstrated. The conclusions of Russel et al [4], 
reinforced by Griffith and Sidwell [5], highlight the 
benefits of improving constructability across the total 
building process. These include the following: better 
conceptual planning; more effective procurement; 
improved design; better construction methods; more 
accomplished site management; more effective team 
work; and more. 
Nowadays constructability implementation, putting 
all of the essential concepts identified into a workable 
package, is the greatest challenge to researchers and 
practitioners. In general, the successful implementation 
of a constructability program depends on an 
understanding of some basic essential elements [6], 
including: 
1. when a constructability process should be started 
in the project life-cycle; 
2. who should be part of the constructability team; 
3. what should be the main focus of a constructability 
program 
4. how to implement a constructability program. 
From start to completion, construction projects 
include several phases characterized by many tasks that 
aim at identifying, planning, designing, and constructing 
the existing facilities. In order to implement 
constructability, W. Thaber shows (Figure 1) that these 
phases may be grouped into two main stages: a Pre-
construction Stage and a Construction Stage [7].  
The design development phase, which is the one we 
are investigating more deeply, comprises: (1) the 
schematic design, where the design team investigates 
alternative design solutions and alternative materials 
and systems; and (2) detailed design, where the design 
team evaluates, selects, and finalizes the major systems 
and components of the project.  
Different solution models for implementing 
constructability in the Pre-construction Stage have been 
given in the literature. Fischer proposed a Construction 
Knowledge Expert (COKE), who guides designers 
toward structures that are more constructable. Patty et al. 
presented a computer tool that uses multimedia to give 
the designer the ability to access constructability 
information at the point of design. Moore and 
Tunnicliffe described aspects of the production of an 
Automated Design Aid (ADA) that provides the 
designer with useful decision support regarding design 
corrections and adaptations. Kupernas et al. introduced 
a methodology to use a computer aided drafting (CAD) 
3D model of a project to review design layouts and to 
identify design conflicts as part of a pre-construction 
constructability review [8]. 
 
 
 
Figure 1. Preconstruction Stage and a Construction 
Stage, from W. Thaber  [7]. 
 
The purpose of the studies that are recapped in this 
paper is to provide new constructability-based solution 
models for the seismic retrofit of existing buildings with 
a complex intended use (SRCB), such as hospitals, 
schools, libraries, and public buildings. 
 
2 Research objectives 
Choosing the optimal strategy for the seismic 
retrofitting of an existing building is a difficult problem. 
This difficulty increases in the case of existing buildings 
with a complex intended use due to different 
requirements, such as [9]: 
1. Structural Features; 
2. Aesthetic Value (These are often an important 
factor in selecting a retrofit strategy. Retrofit 
elements placed on the exterior of a building, 
including infill walls, new walls, buttresses, and 
braced frames, are typically perceived as having a 
negative impact on building appearance); 
3. Project Budget (Cost is often the overriding factor 
in determining the project performance objectives, 
the retrofit strategy employed, and even whether a 
retrofit will be performed. Different strategies can 
have widely different costs); 
4. Construction Period Occupancy Disruption (The 
ability to continue to occupy a building during 
retrofit can have a significant benefit with regard 
to overall project cost; often this ability is a fixed 
requirement to guarantee); 
5. Permanent Occupancy Impacts (Many retrofit 
strategies will result in some permanent 
impairment of the use of the building. As an 
example, the installation of a vertical frame within 
the interior of a building will limit future activities 
or be incompatible with functions such as the case 
with recovery rooms in hospitals); 
6. Risks from interferences. 
According to the literature review, constructability 
implementation should contain and control all these 
factors to improve project quality [10].  
In the case studied (SRCBs), the influence of the 
planning and management of the construction site on 
project quality has emerged; these are common factors 
that affect all the requirements listed above. 
Furthermore, if incorrect construction site planning and 
design are implemented, the result may be non-
buildability and a building redesign. In any case there 
will be a substantial impact on project cost and time. 
Therefore, the following objectives are envisaged: 
 To provide a new constructability-based solution 
model, for the case of SRCBs, supported by a 
constructability-based tool, selected from a literature 
overview; 
 To combine the practices and skills of structural 
engineers with those of building managers in a 
unique way; 
 To take into account both the 
objectives and the exigencies of the building 
operating system after the start of the Design 
Development Phase. 
Investigating, managing, and assessing several 
design solutions in choosing the optimal one should not 
involve the tout-court application of a compatible 
solution that is the result of the individual designer  
skills. 
 
3 Selection of constructability tools 
Fisher presented an overview of twenty-seven 
constructability tools that have been included in the 
literature. The research further links these tools to a 
typical constructability planning process model so that 
the user can develop an implementation strategy with 
them [11]. The tools are listed and divided into 
policy/process-baced tools (thirteen), modeling tools 
(ten), and technology-based tools tools (four).  
Fisher also introduced twenty-one steps for a generic 
constructability planning process. Each of the twenty-
seven tools is then mapped onto this generic process 
model. These links between process steps and tools 
provide the user with a framework. This framework 
allows the user to know when exactly to implement 
these various tools during the life of a project [12]. 
According to the research objectives presented in 
Paragraph 2, constructability tools are chosen that 
provide a new constructability-based solution model for 
SRCBs.  
Four different tools have been selected: 
 Constructability Organization Structure. A team 
should be formed that includes expertise from all of 
the phases. Each team member has responsibility for 
a particular phase. 
 Implementing Responsibility Matrix. A 
constructability issues matrix is a matrix that 
provides an architecture for documentation. 
 Project Constructability Agreement. This is a drafted 
agreement for the design constructability team that 
states a commitment to constructability and the 
objectives set for the project. 
 Formal Processes. A formal process is one in which 
steps and procedures are clearly defined. 
These four tools have been implemented in a 
Decision Support System that is to be applied in the 
Preliminary Design in choosing the optimal retrofit 
alternatives for a complex building. 
4 Framework of the decision support 
system 
In the case of a seismic retrofit, the DSS-Model, 
before adopting a particular strategy, should evaluate a 
number of different alternatives with respect to their 
feasibility and applicability and, together with the owner, 
should select the combination of strategies that appears 
to provide the most favorable overall solution. 
 
The main idea, developed in the DSS-Model below, 
is to overturn the classical approach of evaluating site 
management only after the structural choices have been 
made. In order to evaluate the site management at the 
beginning of the Design Phase, the DSS-Model assigns 
the key role of optimizing simultaneously both 
structural management and construction site 
management to a unique procedure.  
From this perspective, the authors have considered it 
appropriate to discern two families of strategies with 
regard to complex building systems: 
 Technical Strategies, designed to increase the 
seismic performance of the building (System 
Completion; System Strengthening and Stiffening; 
Enhancing Deformation Capacity; Reducing 
Earthquake Demands); and 
 Management Strategies, which regulate the way in 
which a technical strategy is implemented in 
managing both construction site tools and site 
interferences (Occupancy Change; Demolition; 
Temporary Retrofit; Phased  Retrofit; Retrofit with 
Occupied Building; Retrofit with Vacant Building; 
Exterior Retrofit; Interior Retrofit). 
Only by analyzing the different retrofit strategies is 
it possible to select the most favorable overall solution. 
Thus, the general objectives of the DSS-Model are as 
follows: 
1. to assess a range of alternatives that represent the 
technical and management strategies compatible 
with the case study, within all the existing strategies; 
2. to consider  the final strategy as the combination of 
one technical alternative and one management 
alternative; 
3. to locate the strategy that complies with 
requirements more than others; 
4. to plan the responsibility matrix of the DSS-Model;  
5. to support the DSS-Model with some mathematical 
models for decision making so that it may guarantee 
the attainment of the above requirements and aims 
[12].  
Figure 2 shows the general framework of the DSS-
Model.  
  
  
Figure 2. General framework of the proposed 
DSS-Model  
 
It therefore remains to identify the processes and 
tools for assessing and connecting the alternatives and 
for selecting the optimal final strategy, taking into 
account that for any decision there are inevitably a 
number of aspects that must be kept under control. 
Going further, the proposed DSS-Model programs the 
decision problem as shown below: 
A) the alternatives represent the different choices of 
actions available to the decision maker, in a finite 
number and determined in the initial phase;  
B) a set of attributes, associated with each class of 
alternatives, represents the different points of view 
under which each alternative can be judged; 
C) each attribute has a weight, which represents its level 
of importance compared to the others. 
An important step is represented by the evaluation of 
alternatives.  
For each alternative a set of information must be 
acquired and synthesized in pre-set data tables as shown 
below in Figures 3 and 4. 
 
1. Technical Alternatives  
The data the Decision Maker (DM) must acquire are: 
a) graphical representation of constructive detail; 
b) breakdown of the strategy in executive phases; 
c) identification of construction site areas for each 
executive phase; 
d) technical attributes; 
e) weights of attributes. 
Figure 3 shows the organization of these data in the 
specific table. 
 
Figure 3. Data tables for technical alternatives 
2. Management Alternatives 
Using 3D modelling of a construction site in a 
building taken as a model (Figure 5), the data the DM 
must acquire are listed below: 
a) design of construction site layout; 
b) planning of construction site phases.  
c) analysis of compatibility level with respect to each 
technical alternative  this step aims to understand 
how the proposed organization layout out is 
compatible with all the technical alternatives; 
d) management attributes; 
e) weights of attributes. 
Figure 4 shows the organization of these data in the 
specific table. 
 
Figure 4. Data tables for management 
alternatives. 
The decision making problem will choose the 
optimal retrofit solution as that solution that 
demonstrates the best global response to the objectives.  
 
5 Numerical methods 
In this paragraph the analytical approach to 
combining alternatives, criteria, and weights is 
presented.  
One of the most common approaches to solving this 
kind of problem is Multi-Criteria-Decision-Making 
(MCDM) [14]. 
This approach provides the DM with several 
advanced tools for selecting the solution when different 
parameters are involved. MCDMs do not locate the 
optimal solution in an absolute sense but they provide a 
ranked list according to the  
The problem of defining the importance of the 
criteria is a fundamental aspect of MCDM methods. 
From among the existing MCDM methods (depending 
on input-data  Deterministic, Stochastic, Fuzzy  or 
depending on the number of DMs  Single DM or 
Multiple DM [15]) two have been chosen: 
 A method based on Direct Assignment. An expert 
DM may be able to assess the relative importance of 
each attribute over the others by assigning a 
preference score on a standard scale; 
 The Eigenvalue Method proposed by Saaty, which 
gets around difficult measures of preferences. This 
method permits a comparison of strategy 
performance with respect to a given criterion, two-
by-two, and to associate it with a value on a linear 
scale [16]. 
Direct assignment has been used first to choose the 
weights and criteria scores, which are useful in building 
both the technical and the management decision matrix. 
In this case we make use of a Determinist Method that 
uses cardinal information with a Single DM. Ranking 
the alternatives is a purely technical choice that can be 
performed by any DM, without any reliance on their 
experience.  
The Eigenvalue method has then been used to define 
the level of importance of Technical Strategies 
compared to Management Strategies. To make the data 
reliable, a Delphi support technique has been performed.  
The Delphi is a procedure for obtaining a consensus of 
opinion from a group of experts [17, 18]. An essential 
feature of the Delphi technique is its framework; the 
main characteristic is that experts express their opinions 
individually and anonymously while having access to 
 
The Delphi uses as input a set of options for which 
consensus is needed. To process the data a group of 
experts are questioned using a semi-structured 
questionnaire [19]. The experts do not meet so their 
opinions are independent.  
In this case authors have created two teams of 
experts. The first team was composed of 5 managers 
and the second team was composed of 5 structural 
engineers. These groups had somewhat different 
perspectives, but this design permits a comparison of 
the perspectives of different stakeholder groups. The 
decision was made to populate the panels with experts 
with a common background with respect to the topic. 
The experts were asked to assign an importance score 
(using 
respect to the management strategies; when consensus 
was reached in each of the panels an arithmetical 
average was calculated to assign the definitive score.  
With this procedure the user is able to compare 
technical and management strategies by taking 
advantage of the experience that is enclosed in the score 
assignation of the procedure.  
Figure 5 shows experts and numerical methods with 
respect to the Formal Process. 
 
 
Figure 5. Experts and Numerical Methods with 
Respect to the Formal Process  
 
The application of the numerical methods, according 
to the general framework (Figure 2), is described step-
by-step in Figure 6. 
 
 Figure 6 DSS described Step-by-Step 
6 Application to a case study 
In order to validate the proposed approach, the 
selection process was applied to the seismic retrofit of 
an Italian Hospital called Campobasso, 
built between 1968 and 1988. 
The hospital layout is composed of 13 different 
concrete-frame buildings intended for different services. 
Before inserting the decision making process, 
several data about the case study were acquired in order 
to select compatible alternatives across a range of 
possible strategies. The possible strategies have been 
assimilated to the document of the Applied Technology 
Council (ATC 40) [9]. 
The results obtained are shown below:  
(i) Analysis of the strategies, definition of attributes, 
and weights and tables 
i.1. Management Alternatives 
Table 1 summarizes the results. 
Table 1. Management Attributes and weights 
Attributes Weight 
 Low costs of construction site  0,14 
 Modest environmental impact  0,17 
 Functional compatibility  0,09 
 Limited trouble to the occupants  0,23 
 Limited presence of risks of interference  0,25 
 Availability of  construction site areas  0,06 
 Short path length of materials  0,04 
 Few machineries on construction site  0,02 
i.2. Technical Alternatives 
Table 2 summarize the results. 
Table 2. Technical Attributes and weights 
Attributes Weight 
 Shortness in realization times  0,06 
 Low costs of installation  0,1 
 Low costs of maintenance  0,16 
 Low aesthetic impact  0,22 
 Low disturbance to  the hospital activities  0,14 
 Structural Compatibility  0,11 
 Functional Compatibility  0,18 
 Standardization of reinforcing components and working phases  0,03 
(ii) Decision matrix of alternatives 
Figures 7 and 8 show the score assigned to each 
alternative with respect to each attribute.  
 
The final scores are given in the last column. 
 
Figure 7. Decision Matrix of Management Strategies 
 
Figure 8. Decision Matrix of Technical Strategies 
The Preliminary Designs of the Management 
Alternatives, executed out using CAD software, are 
shown in Table 3. Input-Data for use in assessing 
alternatives, were manually extracted from the CAD-
Models. 
 
Table 3. CAD-Model of Management Alternatives 
 
Exterior Retrofit with Occupied 
Building  
 
Exterior and Phased Retrofit 
 
 
Interior Retrofit with Vacant 
Building 
 
Interior Retrofit with Occupied 
Building 
 
(iii) Selection of the Optimal Retrofit Strategy. 
After the evaluation, and in accordance with points 8, 
9, 10, and 11 of the process shown in Figure 6, it has 
been possible to select the optimal retrofit strategy A* 
(Table 4). 
Table 4. Optimal retrofit strategy 
 
MANAGEMENT STRATEGY TECHNICAL STRATEGY  
Interior and Phased retrofit with 
occupied building Retrofit with Steel Bracing 
7 Conclusion and future development 
Looking toward future development, applications of 
Building Information Modelling (BIM) Platform 
integrated with the proposed DSS are seen to have 
considerable potential. 
The authors addressed the field of research for 
creating a logical structure that was compatible with the 
 
The preliminary design, both of technical/structural 
alternatives and of management/site layout alternatives, 
was carried out using CAD software. With this software, 
objects were manually gauged and data extracted, e.g., 
number of machineries, quantity of scaffoldings, path 
length of materials, functional compatibility by means 
of visual clash detection, time and cost evaluation, etc. 
At a later stage, output data were included in the 
proposed DSS, selecting the optimal retrofit strategy 
over a range of strategies compatible with the analyzed 
building.  
The potential benefits arising from the integration 
with BIM-software are listed below: 
 BIM is characterized by the creation and use of 
coordinated, internally consistent computable 
information about the objects of the building model; 
 ability to associate specific information to objects;  
 computable information; 
 automatic clash detection. 
Standardizing the process of modelling will make it 
possible to automatically process information with a 
DSS, implemented in a plug-in that is compatible with 
the BIM-platform. 
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